We speculate that the universe is filled with stars composed of electromagnetic and dilaton fields. We calculate soliton-like solutions of these fields and show that their energy can be converted into a relativistic plasma in an explosive way whioch produces strong gamma-ray bursts observed in the universe.
Introduction
Many modern theories of the universe assume the existence of various types of scalar fields. Such fields could explain the recently discovered acceleration of the expansion of the universe (see e.g. Ref. [1] ), or the formation of clustered systems leading to gravitational walls for galaxies and galaxy clusters. If such fields really exist, the universe could contain many compact star-like configurations of large total mass, called scalar stars. * email: astra@freenet.kg Physics Institute of NAN KR, 265 a, Chui str., Bishkek Among the many possible scalar fields, the dilaton field has special theoretical appeal. It couples in a unique way to electromagnetism to make the Maxwell action dimensionless. This coupling leads to star-like objects which are composed of scalar and electromagnetic fields. That such objects can exist was pointed out by many authors [2, 3, 4] . We argue that such electro-dilaton stars may be responsible for the strong gamma-ray bursts observed in the universe.
At present there exists no simple conventional explanation for the origin of these events reaching us isotropically from all directions of the universe. For an extensive discussion of the subject see the article by Ruffini [5] . The electro-dilaton stars can supply such an explanation. We assume that the dark matter in the universe contains a multitude of such objects, whose total mass exceeds by far the total mass of luminous matter and is responsible for the large-scale structure of the universe.
The luminous matter concentrates in the gravitational potential wells of the scalar field.
Let us imagine that collision of relativistic particles produce a fireball of critical size. Such bubbles have been investigated as possinble triggers of phase transitions in the early universe [6] . In the context of gamma-ray bursts, similar assumptions have been made in Ref. [7] . The critical bubble forms the seed for transfering effectively scalar fields into pairs of elementary particles and their antiparticles. The transfer may be initiated by fast oscillation of a field on the exterior boundary of the fireball. The process causes a relativistic detonation. In a standard detonation, chemical energy is converted into kinetic energy. In the relativistic detonation of an electro-dilaton star, the energy comes from the electric and scalar fields which are rapidly converted in particle-antiparticle pairs. The resulting fireball expands with relativistic velocity and will therefore not depend on the weak gravitational fields of a Newtonian configuration. We may thus study the process within special relativity.
Relativistic Detonation
We begin by deducing the self-similar solution for a spherical relativistic detonation which goes over to the well-known Zeldovich solution in the limit of small veloci-ties [8] . The set of equations of relativistic hydrodynamics is conveniently described in a spherical coordinate system r, Θ, φ. If v denotes the radial velocity of the plasma in three-dimensions [8, 9] and W the energy density, the equation of motion reads
while energy conservation requires that
where γ 2 ≡ 1 − v 2 , W = ε + p, and c = 1. As in the nonrelativistic case, the motion of the plasma behind the detonation front is considered as isentropic, such that (1) and (2) are the only relevant equations.
The pairs of relativistic particles and antiparticles created behind the wave front generate a high-temperature plasma with the equation of state:
where c s is the sound velocity. As in an ordinary spherical detonation problem, we search for a solution depending on the self-similar variable
in which the differential equations (1) and (2) reduce to ordinary differential equations, which can be combined to the equation for v:
In the nonrelativistic limit where v(ξ), ξ ≪ 1, this equation reduces to a textbook equation [8] .* The qualitative analysis of the relativistic equation (5) is similar to *give in [8] page The discussion of possible mechanisms of "recycling" of the field behind the wave front into relativistic plasma is considered below. Let us specify here the following estimates of the value of v d and energy density behind the detonation wave. Consider a scalar field in the simplest form, with an energy-momentum tensor
In the "scalaron" regime where it undergoes fast oscillations of frequency m, i.e.
where ϕ(r, t) = a(r) sin mt, the spatial gradients of the field can be ignored and the energy density in the laboratory frame) is
The expression for v d and the energy density of the plasma behind the wave front are determined from the conservation laws T 1 0 (field) = T 1 0 (plasma) and T 1 1 (field) = T 1 1 (plasma) for an observer moving with the wave front. Recall that the plasma is emitted from the wave front with the velocity c s . Hence
Since a relativistic plasma has c s = 1/ √ 3, we find v d = √ 3/2 and ε p = 3 ε f . The self-similar solutions for this case are presented in Fig. 1 .
We now turn to the more interesting case of dilaton field. It allows to consider in details the mechanism of transition of an energy of this field into relativistic plasma. 
Electro-Dilaton Wave
So far, the description of the conversion of the energy of a scalar field into relativistic plasma at the front of "detonation" wave is purely phenomenological. The physical
properties of the front of the detonation wave are completely determined by the conservation laws for a general energy-momentum tensor T k i . One specific mechanism of such a conversion was considered in [12] based on an analogy with a laser. Here we shall consider an alternative possibility where the relativistic plasma and radiation are obtained from the energy of a dilaton field.
The star-like configurations for such field with strong and weak (Newtonian) gravitational field have been considered before [13, 14, 15, 16] . As in Section 2, we shall discuss only the case of a weak gravitational field and treat the problem within special relativity.
The Lagrangian density of a system of dilaton and electromagnetic fields is [14, 15] :
The parameter ζ can have the values ±1 as will be explained below. The normalization of the fields is the same as in [14, 15] . The unique interaction of the scalar field Φ with an electromagnetic field required by scale invariance allows for a nontrivial combined electro-dilaton configuration. In the front of the detonation wave, the electromagnetic field reduces the dilaton field strength by dissipation. Depending on the intensity of the electric field, the dissipation may be due to the creation of pairs of particles and antiparticles and to a heating of the plasma. The combined process-generation of an electromagnetic field and its subsequent dissipationsupplies the energy to the front of the detonation wave. Let us study the process in a simple plane-wave configuration. The equations for Φ and F ik following from
Lagrangian (9) are
The system is supplemented by the Maxwell equations which guarantee the absence of magnetic monopole currents (electromagnetic versions of the Bianchi identities):
The total energy-momentum tensor associated with the Lagrange density (9) is
Longitudinal Electro-Dilaton Wave
We now show that there exist plane electro-dilaton waves travelling along the x-axis in which the electric field has a component F 10 = E x with all other components vanishing. Whereas Eq. (12) is fulfilled trivially, Eq. (10) yields
Thus we find a constant of motion
The quadrativ field combination
has the same negative value in all systems of special relativity. For this reason we follow Ref. [14] in choosing the parameter ζ = −1 in (10).
The other field equation (11) becomes
This possesses a steady-state wave solution which, after the redefinition of the vari-
takes the form of a Liouville equation
The first integral of this equation leads to the differential equation 
A travelling wave has the field components
Since u < 1 and I > 0, the field is transverse magnetic. It dictates in (10) the choice of the sign ζ = 1. Further, using similar variables as in (18)
we obtain the solutions for dilaton and electromagnetic fields similar to (21) ψ = −2 ln cosh(η/2); E y = uH z = uH 0 / cosh 2 (η/2).
The principal difference with respect to (21) is the absence of a relativistic factor √ 1 − u 2 in the argument η.
The transverse magnetic wave is focused in a band of width △x ∼ 1/α|H 0 |.
Outside of this, the energy density lies mainly in the gradient part of the dilaton field. From Eq. (26) it follows that energy flux density is independent of ξ:
This can be interpreted as follows: the conversion of the energy of the dilaton field from the gradient to the potential part is accompanied by a conversion of the energy of the electromagnetic field *. Certainly, this conversion is completely reversible.
*insert: to what?
Dissipation
The eabove lectro-dilaton soliton appears at the front of the detonation wave. If we use the plasma behind the front as a frame of reference, then this soliton will be move i with a velocity u = c s = 1/ 
where f is the friction constant with the dimension of a rate. While moving though the plasma with ξ < 0, the electromagnetic wave decays. The equation for the dilaton field with ζ = 1 becomes
Substitution here (28) and using the redefinitions (25), we obtain 
In the limit |η| → ∞, the equations (32) becomes
The energy density of dilaton field before the wave is more than twice as big* than *is this what you want to say?
that of the soliton solution (β > 0). The limiting value for β in this example is β → 0.5. This implies that the electromagnetic energy density behind the wave front will go over completely into the energy of a relativistic plasma. This is similar to the conclusion for the wave in Section ??.* 
where σ is specific conductivity of the medium. Then we find the following system of dimensionless equations:
with the parameter β ∼ σu. At β = 0, this reduces to the previous electro-dilaton soliton (26).
To analyze Eqs. (33) it is convenient to introduce the new variable
which is unity in the absence of dissipation. The first integral of the differential equations (33) leads to the solution:
The integration constant is selected so that in the limit η → −∞ the solution tends to the dissipation-free soliton: z 2 → 1; (dψ/dη) − → 1 . In the opposite limit η → ∞, the variable z 2 → 0. It is possible at
Thus for z 2 → 0*, the solution represents a kink which moving in a positive direction *correct?
of the x-axis. By virtue of β > 0, the asymptotic value of the dilaton energy density before the front is less than its value behind the front. Physically this means that the pressure of dilaton field creates a plasma at the wave front driving it ahead. It follows from Eq. (35) that the limiting value of β is now β c = 1/4 implying that the electro-dilaton energy goes completely over into an energy flux of the moving plasma. The solutions are plotted in Fig. 2 8 Acknowledgement VF and VG than the DAAD in Bonn/Germany for financial support. We also thank Dr. A. Pelster for discussions. 
